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．緒 言
自分自身の四肢を知覚して動かすためには脳の身体イメージが必要であり，この身体イメージは感覚入力によ
って絶えず更新されている（Maravita, ２００６; Schwoebel and Coslett, ２００５）。このような表象は意識経験の根
底に存在し（James,１８９２），多くの知覚－運動過程においてダイナミックな変化をもたらしている（Iriki et al.,





その身体部位を意味すると解釈し（Gandevia et al.,２００６），局所麻酔（Melzack and Bromage,１９７３; Gandevia
and Phegan,１９９９; Paqueron et al.,２００３）と止血（Gross and Melzack,１９７８; Gandevia et al.,２００６; Walsh
et al., ２０１０）によって実験的に幻肢を作ることもできる。そして，幻肢はよく習慣的な姿勢をとったり，自発
的に姿勢変換することが知られている（Ramachandran and Hirstein, １９９８）。しかしながら，幻肢という術語を
定義することはむずかしく，神経科学とその関連分野において曖昧に用いられている。さらに，幻肢を形成する
中枢のメカニズムは充分に理解されていない。
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Figure １: Experimental setup. A : Schematic of experimental setup. Participants comfortably
lay on their backs on a desk and their right hands or arms were fixed by magic tape. B :






































Figure ２: Perceived position of a developing phantom during the ischemic
block in the main study.
A : Data from one participant who exhibited the largest magnitude of per-
ceived change in joint angle for the two versions of the main experiment（el-
bow and wrist extended on left, elbow and wrist flexed on right）. Shaded
arms and hands show the true maintained posture of the arm and hand.
Solid lines show the perceived starting position of the arm prior to cuff infla-
tion and the perceived final position of the phantom arm at the end of the
block [the extended version at the elbow（１８０° to ８６°）and wrist（２１２° to
１３８°）, the flexed version at the elbow（４８°to ９３°）and wrist（１４０°to １９４°）].
The dashed lines are the mean perceived position of the developing phan-
tom at an intermediate time. Times are given relative to the time of cuff in-
flation. The direction of the perceived change is given by the curved arrow.
B : Data from １０ participants. Data at these times are means for １０ partici-
pants. When the ischemic block developed with the elbow and wrist joints
held extended（left）, participants perceived that the elbow joint became more
flexed as the block and the phantom developed [at the elbow（１８４°to １２４°）
and wrist（２１０°to １５８°）]. But, if the block was applied with the elbow and
wrist joints flexed（right）, then they perceived to become more extended as











Figure ３: The difference between perceived joint angles during control test and ischemia.
Data of mean and standard error are obtained from １０ participants. A : Data for full ex-
tension（solid circles, see Fig. １B）and flexion（open circles, see Fig. １C）at the elbow
joint in the main study. B : Data for full extension（solid circles, see Fig. １B）and flexion
（open circles, see Fig. １C）at the wrist joint in the main study.
Figure ４: The timing of changes in touch sensation measured during experiment. Data
are shown for assessments made over the base of the thumb（upper panel）, just proxi-
mal to the wrist（middle panel）and just proximal to the elbow（lower panel）. Median and
IQR are plotted for the start of a change in von Frey threshold and the loss of light
touch.










（Gandevia et al., ２００６）。さらに，本論では大径有髄線維に関わる幻肢の姿勢変化を検討しているので，大径










れカフ圧後１５分と２５分に始まった（図４）。対照的に，局所麻酔を用いた Paqueron et al.（２００４）は感覚の変化
が四肢の姿勢の知覚変化に先行していると報告した。本研究の被験者はカフ圧後５分以内に手の麻痺が始まり，
カフ圧後１０分以内に肘の麻痺が始まったと報告したが，知覚検査では検出できなかった。一方，Paqueron et al.
（２００４）と Silva et al.（２０１０）は感覚と運動機能の内省報告を３ポイント・スケールで評価し，感覚の変化が
四肢の姿勢の知覚変化に先行していると報告した。
虚血に伴う姿勢の漸進的な知覚変化は末梢神経と中枢神経の短期的な相互作用に基づいている（Sirigu et al.,
１９９１; Kammers et al.,２００６; Longo et al.,２０１０）。最近の脳のイメージ研究によると，身体部位の姿勢（Lloyd
et al. ２００３），大きさ，形（Ehrsson et al., ２００５）の知覚変化は頭頂葉の体性感覚野で階層的に処理され，その
変化は部分的には運動前野腹側部も関係している（Christensen et al.,２００７）。さらに，その身体イメージは感
覚入力にも依存し，それを作り出す感覚入力は筋紡錘（Goodwin et al., １９７２; Roll and Vedel, １９８２; Gande-
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Our previous study showed dynamic changes in the perceived posture of the hand when inputs from
large−diameter sensory nerve fibres of the hand were declined and lost. The present study further exhibited
that the perceived position at the elbow changed systematically even when the sensory inputs from the
arm were partially blocked. Ten healthy participants showed perceived postures of their right elbows and
wrists with an ischemic block of the right upper arm using the left arms and hands. When the right arm
and hand were fully extended before and during the block, the final perceived joints at the wrist and el-
bow were flexed in all participants, and vice versa . While there was no significant difference between
joints for the magnitude of the perceived changes in full extension, the magnitude of the perceived
changes at the elbow reached about ６０°. In full flexion, however, the magnitude at the elbow was less
than that at the wrist, indicating that the peripheral nerves at the elbow was less blocked than those at the
wrist at the end of the block. Because the start of these changes occurred as the sensory inputs were de-
clining, the changes depended on fading somatosensory signals from strongly stretching muscle and skin
during the anesthesia.
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